We report the rare finding of Strongyloides stercoralis rhabditiform larvae in biliary fluid, here associated with cholecystitis and near total portal vein thrombosis. The role of S. stercoralis leading to atypical clinical presentations and difficulty diagnosing strongyloidiasis in such patients with appropriate geographic exposure is discussed.
Strongyloides stercoralis is a globally endemic parasitic nematode infecting up to 100 million individuals. Individuals at highest risk are those in high-burden areas, those living in poor sanitary conditions, and those who are immunosuppressed, particularly associated with human T-cell leukemia virus type 1 (HTLV-1) infection and corticosteroid treatment [1] .
The complex life cycle of S. stercoralis leads to different infection courses ranging from low-burden asymptomatic chronic infection to hyperinfection and dissemination. Host immunosuppression permits hyperinfection and/or dissemination of infectious filariform larvae in nearly any tissue [2] . Isolation of non-infective-stage rhabditiform larvae outside the gastrointestinal (GI) tract is extremely uncommon in immunocompetent hosts. Herein we report the rare finding of S. stercoralis rhabditiform larvae in the biliary fluid of an immunocompetent host; this is the first report of associated portal vein thrombus secondary to biliary strongyloidiasis.
CASE REPORT
The patient is a man in his 50s who immigrated to the United States more than 25 years prior to presentation from Sudan. His medical history is notable only for hypertension. He presented with 4 days of diffuse abdominal pain, nonbilious vomiting, and constipation. He was tachycardic (112 bpm) and hypotensive (77/56 mmHg) on presentation. Admission laboratory analysis revealed leukocytosis (16.2 k/µL; 94% granulocytes, 34% bands, 0.1% eosinophils), thrombocytopenia (75 k/µL), elevated D-dimer (3.9 ug/mL), elevated alkaline phosphatase (408 u/L), hepatitis (AST 181u/L, ALT 281 u/L), hyperbilirubinemia (total bilirubin 5.9 mg/dL), and elevated lipase (1620 u/L). He was admitted with a presumptive diagnosis of cholangitis and pancreatitis, received fluid resuscitation, and was administered piperacillin/tazobactam.
Non-contrast-enhanced abdominal computerized tomography (CT) scan revealed gallbladder distension to 4.5 cm, intrahepatic and extrahepatic biliary ductal dilation, and dilation of the common bile duct (0.9 mm at the ampulla) without visible obstruction. The pancreatic duct was not dilated. Abdominal ultrasound did not identify cholelithiasis. An endoscopic retrograde cholangiopancreatography (ERCP) demonstrated a grossly normal upper GI tract, ampulla, and extrahepatic biliary system. No definitive filling defect was observed. A temporary stent was placed with passage of bile and scant pus.
A contrasted pancreatic dual-phase CT scan was obtained due to persistent hyperbilirubinemia. This study showed near total thrombotic occlusion of the portal venous system, gallbladder distension with circumferential wall thickening, and resolution of biliary ductal dilation following stent placement ( Figure 1A ). Cholecystitis was diagnosed, and a percutaneous biliary tube was placed.
A thorough evaluation did not reveal an etiology for the portal vein thrombus other than cholecystitis. The patient was anticoagulated, and antibiotics were transitioned to ciprofloxacin and metronidazole. Blood cultures remained negative. Biliary fluid culture grew Enterobacter gergoviae and Enterobacter cloacae susceptible to all administered antibiotics, as well as Candida glabrata.
Incidentally, bacterial growth morphology consistent with tracks made by mobile parasites was noted on blood agar plates incubating biliary fluid from the percutaneous drain ( Figure 1B ). Ova and parasite (O&P) examination of the biliary fluid was performed, which revealed S. stercoralis rhabditiform larvae ( Figure 1C daily was administered for 2 days without complication. He was discharged with appropriate follow-up.
DISCUSSION
This is the first report describing cholecystitis and portal vein thrombosis associated with biliary strongyloidiasis as the suspected underlying etiology. The biliary system is not known to be involved in the S. stercoralis parasitic life cycle, and detection of S. stercoralis larvae in biliary fluid is infrequently reported. A review of published cases revealed 3 prior reports of S. stercoralis rhabditiform larvae in biliary fluid [3] [4] [5] . Although larval presence outside of skin, lungs, or intestines defines dissemination, we do not propose that this patient had disseminated disease. True disseminated infection occurs when filariform larvae penetrate tissue and reside in organs atypical of their normal life cycle. In the current case, only rhabditiform larvae (which are unable to penetrate tissue) were observed in the biliary fluid, indicative of larval migration from the intestines to connected organs. In contrast, in disseminated disease, rhabditiform larvae may only be present within extra-intestinal organs due to the continued parasitic life cycle and are expected in the copresence of filariform larvae. Further, dissemination typically occurs in patients with a suppressed immune response [6] . This patient had no evidence of immunosuppression but presented with S. stercoralis extra-intestinal disease, representing a diagnostic middle ground between disseminated strongyloidiasis and classic infection. The presence of biliary strongyloidiasis in this immunocompetent host highlights the importance of considering S. stercoralis infection when evaluating patients with hepatobiliary disease and geographic exposure to S. stercoralis.
The precise role of S. stercoralis alone or in combination with Enterobacter spp. leading to cholecystitis is difficult to determine. Likely explanations include S. stercoralis causing cholecystitis, S. stercoralis passively depositing Enterobacter spp. and leading to cholecystitis, or the pathogens cooperatively precipitating cholecystitis [2] . Alternatively, the cholecystitis may be due to Enterobacter spp. alone with incidental presence of rhabditiform larvae and Candida glabrata. We propose that entry of S. stercoralis rhabditiform larvae into the patient's gallbladder precipitated cholecystitis with inflammation, leading to portal vein thrombosis and other associated findings. Parasite burden in the duodenum has been reported to produce inflammation of the ampulla, papillitis, and subsequent biliary dilation with cholangitis, cholecystitis, and/or pancreatitis [3, 5, 7] . This mechanism did not underlie the presentation of this patient as duodenal inflammation and papillitis were not apparent on ERCP. Rather, we hypothesize that reflux of duodenal contents through a dysfunctional sphincter of Oddi introduced rhabditiform larvae from the duodenum [8] . Interestingly, this patient received 1 month of tramadol prior to presentation due to an unrelated injury. Tramadol has been reported to cause sphincter of Oddi relaxation and could have contributed to sphincter dysfunction [9] . Alternatively, introduction from duodenal contents could occur upon ERCP and biliary stent placement, in which case larval presence would not underlie cholecystitis. The prevalence of low-level migration of S. stercoralis rhabditiform larvae causing colonization of the biliary system has not been documented but should not be ruled out as another possible explanation. This patient also presented with idiopathic dilation of his common bile duct, similar to prior reports [4, 10, 11] . Accordingly, involvement of the hepatobiliary system with biliary dilation, cholangitis, cholecystitis, and/or pancreatitis may be an underappreciated component of S. stercoralis pathogenesis.
Diagnosis of strongyloidiasis can be challenging despite the high global burden of S. stercoralis infections. Clinical manifestations vary extensively, and risk of exposure may precede presentation by many years. Eosinophilia (>400 eosinophils/µL) occurs in less than 50% of chronic strongyloidiasis cases for some populations [12] . As seen in the current patient, lack of eosinophilia does not rule out infection. Stool analysis (microscopic O&P examination or agar culture) is the primary method of diagnosis for active infection, but larvae are often shed transiently and in low numbers, requiring up to 7 consecutive stool analyses [13] . Stool O&P examination was not clinically necessary for diagnosis of strongyloidiasis in this patient and therefore not performed. Serology for S. stercoralis may aid in the diagnosis of chronic strongyloidiasis. However, the clinical sensitivity of serological methods for S. stercoralis range from 70% to 95%, and agreement between commercial tests can be as low as 65% [14, 15] . Serologic testing for S. stercoralis IgG was negative in this patient. The serologic test used for this patient's serum (SciMedx enzyme-linked immunosorbent assay) has a reported clinical sensitivity of 85.5% [15] . False negatives are most common in patients with severe immune suppression or acute infection, and in patients without hyperinfection or disseminated infection; the latter is consistent with this case. Despite negative serology, a definitive diagnosis of strongyloidiasis was made via identification of live larvae in bile fluid.
CONCLUSIONS
This is the first case report of portal vein thrombosis associated with strongyloidiasis and the fourth case documenting S. stercoralis rhabditiform larvae in biliary fluid. Involvement of the hepatobiliary system may be an underappreciated component of the S. stercoralis life cycle. This case further highlights the clinical and laboratory challenges of diagnosing S. stercoralis infections and the importance of considering strongyloidiasis in patients with suspected geographic exposure.
